This article reviews research on the behavioral and neural mechanisms of extinction as it is represented in both Pavlovian and instrumental learning. In Pavlovian extinction, repeated presentation of a signal without its reinforcer weakens behavior evoked by the signal; in instrumental extinction, repeated occurrence of a voluntary action without its reinforcer weakens the strength of the action. In either case, contemporary research at both the behavioral and neural levels of analysis has been guided by a set of extinction principles that were first generated by research conducted at the behavioral level. The review discusses these principles and illustrates how they have informed the study of both Pavlovian and instrumental extinction. It shows that behavioral and neurobiological research efforts have been tightly linked and that their results are readily integrated. Pavlovian and instrumental extinction are also controlled by compatible behavioral and neural processes. Since many behavioral effects observed in extinction can be multiply determined, we suggest that the current close connection between behavioral-level and neurallevel analyses will need to continue.
Introduction
Behavioral research over the last few decades has made significant progress in uncovering the mechanisms that underlie extinction, the behavioral phenomenon in which learned behavior decreases in strength or frequency when the event that reinforced it is removed (e.g., Delamater & Westbrook, 2014) . Extinction is important, in part because it is one of the most basic of all behavioral change effects, and in part because it is thought to be involved in many clinical treatments that are designed to get rid of unwanted learned behaviors, thoughts, and emotions (e.g., Craske et al., 2008; Craske, Liao, Brown, & Vervliet, 2012) . Since the 1970s, extinction has been extensively studied in Pavlovian conditioning, where responding to a conditioned stimulus (CS) that has been associated with an unconditioned stimulus (US) decreases when the CS is then presented repeatedly alone. The results of this literature, along with the larger behavioral research literature of which it is a part, support a set of principles of extinction that are summarized in Table 1 . These principles have gone onto shape further research on extinction at both the behavioral and neurobiological levels of analysis. The purpose of the present article is to discuss these principles and explore how they have facilitated progress in behavioral and neurobiological research on Pavlovian extinction and a ''newer'' frontier concerning the extinction of instrumental learning, where the focus is on voluntary behaviors that are controlled by their consequences (reinforcers). We also suggest that continued success at elucidating the neurobiological mechanisms of Pavlovian and instrumental extinction will require continued research at the behavioral level.
Summary extinction principles
The first extinction principle supported by behavioral research is perhaps the most widely recognized today: Although behavior goes away in extinction, Extinction is not the same as erasure. Learning theorists have long recognized that there is a difference between behavior on the one hand and the organism's knowledge on the other. Extinction is a good example of the so-called ''learning-performance distinction:'' Although performance is at a zero level at the end of extinction, the original learning is still retained in long-term memory and the brain. Pavlov's early demonstrations (1927) of spontaneous recovery were the first to support this idea: If time is allowed to elapse after extinction, responding can return. The list of related recovery effects was expanded in the 1970s and 1980s (e.g., see Bouton, 1988 , for an early review). In renewal, extinguished responding returns when the CS is removed from the extinction context and tested in another context (e.g., Bouton & Bolles, 1979a; Bouton & King, 1983; Bouton & Ricker, 1994; Laborda, Witnauer, & Miller, 2011) . In reinstatement, behavior recovers if the unconditioned stimulus (US) is presented again after extinction
